Using reverse transcription-polymerase chain reaction and in situ hybridization, the expression of the prolactin (PRL) gene was determined during development in gilthead sea bream (Sparus aurata) for the first time. The mRNA for PRL was detected from the second day of the larval stage onwards. This transcript was also located in the adenohypophysial cells, starting at four days post-hatching and was found to be pituitary-specific. Moreover, the possible involvement of PRL in asynchronous growth in the cultivation of gilthead sea bream was also examined. No differences in the distribution of PRL cells were observed in the three sizes of juvenile gilthead sea bream studied. These results suggest that the transcription of PRL is involved in the early development stages of sea bream and that the asynchronous growth-related changes are not due to distinct distribution of PRL cells.
Introduction
In vertebrates, prolactin (PRL) is a versatile peptide that is involved in diverse functions that can be summarized as follows: (i) water and electrolyte balance, (ii) growth and development, (iii) endocrinology and metabolism, (iv) brain and behavior and (v) immunoregulation and protection (Bole et al. 1998) . PRL is a member of the protein hormone family that includes growth hormone (GH), mammalian placental lactogen (PL), and fish somatolactin (SL) (Wallis 1992) . PRL-synthesizing (lactotrope) cells are mainly distributed in the pituitary gland (Ben-Jonathan et al. 1996) .
In fish, PRL mainly regulates the hydromineral balance in the euryhaline teleosts (Hirano 1986 , Manzon 2002 . It has also been shown to act on other physiological functions, including modulating differentiation and development of the epidermis, hypercalcemic and corticotropic effects (Flik et al. 1994) , pigment dispersion in the tegumentary chromatophores (Kitta et al. 1993) , regulation of both male and female gonadal functions and maternal behavior (Rubin & Specker1992, Tacon et al. 2000 , and to have a role in the immune system (Sakai et al. 1996) and somatotropic actions (Shepherd et al. 1997) .
Fish PRLs have been characterized for a variety of teleosts and non-teleosts (Table 1) and their phylogenetic relationships have been partially analyzed (Querat et al. 1994) . The lactotrope cells are mainly located in the rostral pars distalis (RPD) (Naito et al. 1983 , Rendón et al. 1997 . However, some PRL cells have also been found in the proximal pars distalis (PPD) and the pars intermedia (PI) (Naito et al. 1983 , Ruijter et al. 1984 , Huang & Specker 1994 , García-Hernández et al. 1996 , Saga et al. 1999 , Rodríguez-Gómez et al. 2001 . The existence of PRL at extrapituitary sites has also been demonstrated in some fish (Santos et al. 1999 , Imaoka et al. 2000 .
The study of the expression of PRL during ontogenic development in fish (Table 2) has been carried out almost entirely by immunocytochemical techniques, except for the study by Ayson et al. (1994) performed by in situ hybridization (ISH) .
In this investigation we propose to study, for the first time, the temporal and spatial expression of PRL pattern during ontogeny, from embryos to adults, in the gilthead sea bream (Sparus aurata L. 1758, Teleostei) using reverse transcriptasepolymerase chain reaction (RT-PCR) and ISH. For this, specific primers and oligoprobes of PRL complementary to the S. aurata (sa) cDNA-PRL, saPRL (Santos et al. 1999) , have been designed to progress the understanding of the biology of this hormone in the gilthead sea bream. The results obtained by these techniques present new data that helps in a better understanding of early development of this species. The gilthead sea bream is one of the most intensively farmed species in the Mediterranean and along the Atlantic coast. The study of the biology of the adenohypophysial hormones, such as PRL, is of particular importance in the light of the high mortality rate, the frequency of abnormalities in cultivated sea bream larvae and the asynchronous growth of sea bream coming from a single spawning (Popper et al. 1992) . This last problem has been addressed by determining whether the size differences seen in animals of the same age are related to different distributions of PRL (lactotrope) cells.
Materials and methods

Animals
Embryos (30 h post-fertilization), larvae (1-67 days post-hatching), juveniles (87 and 188 days old) and et al. (1993a) adults (aged eighteen months and more) of the gilthead sea bream have been used. Animal manipulations were performed in accordance with the guidelines of the European Community Council, Directive (86/609/EEC) and the National Institute of Health for the use and care of animals. All the animals used were from a single spawning (February 2000) from a fish farm (MARESA, Ayamonte, Huelva, Spain). The fertilized eggs (embryos) and larvae (at 1, 2, 4, 7, 10, 13, 25, 39, 55 and 67 days post-hatching) were maintained in clean circulating water with 37% salinity at 20 C and a constant photoperiod (16 h light). The juveniles and adults were maintained in the same conditions except that they were subjected to a natural photoperiod. The juveniles were divided into three groups according to size: small, medium and large, a consequence of the asynchronous growth of the gilthead sea bream in industrial cultivation (Popper et al. 1992) . The selection of groups was made in successive sieves at different time points in accordance with the requirement for cultivation. Animals used presented different weights and lengths. The arithmetic means of lengths and weights of the animals studied were: at 87 days small=1·45 cm, medium=1·94 cm, large=2·46 cm; in each group the weights were <3 g; at 188 days small= 7·49 cm/8·44 g, medium=8·97 cm/21·31 g, large= 10·84 cm/35·18 g.
Isolation of RNA and RT-PCR
Total RNA was prepared from pools of embryos collected 30 h after in vitro fertilization and from whole larvae aged 1-13 days post-hatching. Pool sizes ranged from 25 to 100, depending on the developmental stage. RNA was extracted by the acid-guanidinium-phenol-chloroform method (Chomczynski & Sacchi 1987) (Gibco BRL).
RT-PCRs were carried out using the Access RT-PCR Introductory System kit (Promega). Complementary DNA was synthesized from 1 µg total RNA using 5 U AMV reverse transcriptase (Promega) and 50 pmol of each primer, in a total volume of 50 µl at 48 C for 45 min. PCR was performed in the same tube, using 5 U Tfl DNA polymerase (Promega), as follows: 30 s at 94 C, 30 s at 61 C and 58 C (for PRL and fructose 1,6-bis phosphate aldolase (FBPald) respectively; see paragraph below), 1 min at 68 C (40 cycles) and the last cycle of 5 min at 68 C. The PCR products were electrophoresed on 2% agarose gel and visualized after ethidium bromide staining. For comparison of the products of the RT-PCR for saPRL, both RT-PCRs (saPRL and saFBPald) used an identical concentration of total RNA (1 µg) in all stages studied. The quantification of total RNA was measured by the spectrophotometric method (absorbance at 260 nm of UV light). Thus, the conditions were such that amplifications of both products were in the exponential phase and the assays were linear with respect to the amount of input RNA. The products of PCR for PRL were normalized by using saFBPald as an internal standard. Therefore, both RT-PCRs were performed at the same time and were repeated four times.
Oligonucleotide primers were designed according to the sequences of cDNA-saPRL (GenBank Accession # AF060541.1) (Santos et al. 1999) and S. aurata cDNA-FBPald, saFBPald (GenBank Accession # X82278) (Llewellyn et al. 1995) . Primer pairs used and the size of the expected PCR fragments are shown in Table 3 . PCR was performed on a Perkin-Elmer DNA Thermal Cycler. Some amplified PCR products from pituitary samples were extracted from the gel using Concert (Gibco-BRL) and sequenced in an automatic sequencer.
Preparation of tissue sections and in situ hybridization
All solutions and equipment used for the steps preceding the post-hybridization for ISH were treated with diethyl pyrocarbonate. Embryos and larvae ranging from newly hatched to 25 days old were processed in their entirety. Larvae ranging from 39 to 87 days old had only the head processed. The brain-pituitary area was processed from 188-day-old fish and only the pituitary was processed from adults. At least ten fish from each age (and each group in the case of the juvenile animals), previously anesthetized with 0·05% 2-phenoxyethanol, were fixed by perfusion or tissue immersion, according to the size of the animal, in a solution of 4% paraformaldehyde (PFA) in 0·1 M phosphate buffer pH 7·3 (PB). After fixing, the tissues were repeatedly washed in 0·1 M saline PB (PBS) and frozen in 30% saccharose/PBS before embedding in OCT (Tissue-Tek, Leica Instruments, GmbH, Heidelberg, Germany). Serial transverse, sagittal or coronal sections of 8 to 10 µm were cut on a cryostat and divided into series. The sections were mounted on poly--lysine-coated slides (Menzel-Glaser, Germany) and stored at -20 C until required for use.
Non-radioactive synthetic oligodeoxyribonucleotides complementary to the saPRL coding sequence (Santos et al. 1999) were used as probes (Table 3) . Oligoprobes were complementary to the zone between the C and D domains of the PRL protein, and were labeled at the 5 end with digoxygenin (DIG) or byotin (BIOT) (Fig. 1) . Sense oligoprobes of saPRL were used as negative controls, and to assess the quality of our samples we used antisense oligoprobes complementary to the sequences of the other members of the GH superfamily, saGH and saSL2, of S. aurata (Funkenstein et al. 1991 , Cavari et al. 2000 .
Hybridization procedures were as described elsewhere (Herrero-Turrión et al. 2002) . Briefly, before carrying out the hybridization, the sections were post-fixed with PFA and acetylated to avoid the appearance of false positives. Furthermore, tissue sections were pre-incubated with a hybridization buffer (HB) for 2 h at 45 C in a humidity chamber. The hybridization was carried out in the HB with the corresponding oligoprobe with concentrations ranging from 10 to 15 ng/µl, in the same humidity chamber at 45 C overnight. After this, the sections were washed sequentially in high stringency conditions. Subsequently, sections were processed for DIG detection, for which we used alkaline-phosphatase (AP)-conjugated antibody against DIG (1:500, Roche Diagnostics, Hague Road, Indianapolis, USA). For BIOT detection we used the streptavidin molecule conjugated with peroxidase (1 µg/ml, Jackson-ImmunoResearch, West Grove, PA, USA). Afterwards, the hybridization sections were treated with the corresponding developing buffers and colorimetric substrates. Samples were allowed to develop until the optimum visualization of blue or brown precipitates in the case of AP or peroxidase respectively. Both reactions were detained by repeated washing in distilled water for 5 min. Sections were mounted in a solution with glycerine jelly (50% glycerol, 8% gelatin, 1·5% phenol). The morphology of the tissues was also confirmed by hematoxylin-eosin staining on adjacent sections.
The specificity of the reactions obtained was tested using the following controls: (i) sections incubated with the HB alone, (ii) sections incubated with the HB and the corresponding sense oligoprobe or antisense oligoprobe without label, Transient expression pattern of PRL in Sparus aurata · M J HERRERO-TURRIO u N and others(iii) sections that were not incubated with the corresponding antibody against DIG-AP or the streptavidin-peroxidase molecule. Double ISHs were carried out in some cases, labeling alternatively with BIOT and DIG in the same section. Since the first reaction produces light-colored precipitates and the second darkcolored ones, we chose to develop the double ISH with (3,3 -diaminobenzidine) (DAB) before 4-nitro blue tetrazolium chloride/5-bromo-4-chloro-3-indol-phosphate (NBT/BCIP).
Images of processed tissue were obtained with an Olympus DP10 digital camera coupled to a Leica DMRB photomicroscope. Original pictures were further processed with Adobe Photoshop 6·0 software to obtain optimal contrast.
Results
PRL gene expression during early development
Expression of the PRL gene during early development of S. aurata was studied, using RT-PCR, in embryos and larvae of 1, 2, 4, 7, 10 and 13 days post-hatching. To eliminate the possibility that amplified fragments resulted from residual DNA rather than from RNA, the primers were designed in such a way that the RT-PCR products spanned two identified introns. Since, at present, the PRL gene of S. aurata has not been characterized, we determined the oligonucleotides to be used by homology with the PRLII gene of chinook salmon, Oncorhynchus tschawytscha (Xiong et al. 1992) . As shown in Fig. 2 , saPRL transcripts were detected, although very weakly, at day 2 after hatching, but not at day 1 nor in embryos approximately 30 h post-fertilization. Figure 2 also shows the fluctuations in the intensity of the amplified fragments from day 2 onwards. The highest levels of saPRL transcripts were detected on days 4, 7 and 10 after hatching and then decreased at day 13 post-hatching. Amplification of saFBPald was performed with equal amounts of RNA and demonstrated that this glycolytic enzyme shows identical expression pattern in all the developmental stages (Fig. 2) . In both RT-PCRs, a (negative) control sample containing no RNA did not show any amplified band. The nucleotide sequence of the PCR products was confirmed by nucleotide sequencing, showing that both saPRL and saFBPald cDNAs were those predicted.
Cellular localization of the mRNA-PRL in the pituitary gland
Since the RT-PCR analysis only provided information relating to the presence (or absence) of the mRNA-PRL in pools of embryos and larvae or in tissues, we used ISH to determine the spatial distribution of the transcripts of saPRL in larvae, juveniles and adults.
During embryonic and early larval development, the pituitary was distinguishable in the ventral region of the diencephalon. Immunoreactive (ir) mRNA-PRL cells were very faintly labeled in the ventro-rostral part and the upper part of a group of non-specific-labeled chondrocytes of the pituitary gland at 4 days post-hatching (Fig. 3A) . No hybridization signals for PRL were seen in embryos or in larvae less than four days old. In the 10-and 25-day-old larvae the number of PRL (lactotrope) cells was also significantly low (1-2 cells per section). These cells were also observed in the more rostral part of the hypophysis (Fig. 3B, C) . By 39 days post-hatching, as shown in the Fig. 3D , the shape of the pituitary began to resemble that of the adult and the three adenohypophysial areas, the RPD, the PPD and the PI, could be distinguished. The PRL cells presented an increase in number and, in some, an increase in staining intensity. They were mainly observed in the ventral zone of the RPD, although a few groups of these cells, with weak PRL hybridization signals, were also detected in the dorsal zone of the RPD and in the ventral region of the PPD. In these larvae, there were distinct groups of lactotrope cells with different degrees of accumulation of the PRL hybridization signals.
In the 87-and 188-day old juveniles, the general topographic distributions of ir-mRNA-PRL cells did not change. Independent of the size (small, medium or large) of the juveniles the lactotrope cells were mainly distributed in the ventro-medial zone of the RPD (Figs 4A, C, E and 5B, D), although a few groups of cells were also detected in the dorsal region of the RPD in latero-sagittal (Fig 4C, E) and transverse sections (Fig 5B, E) . Furthermore, some hypophysial sections showed a few groups of PRL cells in the ventral part of the PPD (Fig. 4A-C, F) . The analysis of coronal (Fig.  5C ) and transverse sections from the rostral to caudal regions of the pituitary gland ( Figs 4D and  5A , B) demonstrated that the lactotrope cells were distributed in almost all the RPD and part of the ventral zone of the PPD or, at least, in the limited area between the RPD and the PPD.
In adult sea bream, the ir-mRNA-PRL cells were also observed in the PPD (Fig. 6A) . Throughout all the stages studied in this work, the hybridization signals for PRL were concentrated in the cytoplasm of the lactotrope cells and they were mainly located in the cellular pole (e.g. Fig. 6D, E) . Moreover, since 30 days larvae, the existence of different The alignment of the GH family protein of the gilthead sea bream demonstrated that the designs of the different oligoprobes were species-specific (Fig. 1) . When the saPRLa/c oligoprobe was used, we observed that the hybridization signals were concentrated over presumptive lactotrope cell clusters of the RPD, indicating that the expression of PRL was specific for PRL cells in the RPD. The PRL antisense oligoprobes did not react with the presumptive GH (somatotrope) and/or SL (somatolactotrope) cells located mainly in the PPD and PI respectively. These PRL hybridization signals were not co-localized with the signals for GH or SL ( Figs 4B and 6A , B, C, E). The photographs in Figs  4B and 6A-C, E illustrate the high specificity of the different types of oligoprobes (Table 3) . There was no cross-reaction between any of the oligoprobes used in this study in high stringency conditions. No labeling was observed in sections incubated with HB alone, nor with saPRL sense oligoprobe or antisense oligoprobes without label (data not shown).
Discussion
We describe here, for the first time, when and where the transcripts of PRL are detected throughout the development of the gilthead sea bream. The first expression of transcripts of saPRL was detected albeit weakly in 2-day-old larvae. In the next stages of development, due to the high reproducibility of the RT-PCRs performed and the use of an internal control (saFBPald), we demonstrated that the highest expression levels were seen from 4 to 10 days post-hatching and then they Transient expression pattern of PRL in Sparus aurata · M J HERRERO-TURRIO u N and othersdecreased at 13 days, possibly due to differential regulation of gene expression according to the larval stage. The differences in these levels of expression of saPRL in larvae have also been observed in this species for GH and SL (Funkenstein et al. 1997) . Thus, the establishment of a negative feedback by insulin-like growth factor I (IGF-I), which mediates the action of GH and PRL (Shepherd et al. 1997) , could vary the levels of both transcripts. These variations in the PRL mRNA levels may also be due to a higher transcription rate in lactotrope cells although this variation does not induce proliferation of these cells since, using ISH, we showed that the number of cells per section is PRL, (B) GH and SL2 and (C, E) PRL and GH using saPRLa, saGHa/saSL2a and saPRLa/saGHa oligoprobes respectively. The ir-mRNA-PRL cells (brown staining) are mainly distributed in the RPD (A, D) and also in the PPD (C, E; arrow). The ir-mRNA-GH cells (B, C, E; blue staining) are mainly located in the PPD and also in the RPD (C, E; arrowheads). The ir-mRNA-SL cells are distributed in the PI (B; arrows; brown staining). None of these hybridization signals (PRL, GH and SL) are co-localized. Scale bars: A, B, 200 µm; C, D, 50 µm; E, 20 µm. similar in the 4-and 10-day-old larvae (Fig. 3A, B) . Also, the fluctuations in the level of expression are not a consequence of different amounts of RNA loaded onto the gel, as shown by the 663 bp band in the control RT-PCR (saFBPald). Our observation of a unique transcript of saPRL for gilthead sea bream in the early developmental stages has also been reported in adults (Santos et al. 1999) .
The ISH used in this study provides new information on the spatial and temporal localization of PRL mRNA throughout development. Using ISH, we did not detect transcripts of PRL in unhatched embryos nor in larvae at 1, 2 and 3 days post-hatching. This was probably due to different sensitivity profiles of the two methods used. The hybridization signals for PRL were detected, for the first time, exclusively in a few adenohypophysial cells in the 4 day-old larvae, which coincides with the increase in PRL expression observed using RT-PCR in this study (Fig. 2) . At this stage and at the following larval stages, the positive mRNA-PRL cells were localized in the rostral region of the hypophysis which becomes the RPD. The number of lactotrope cells and, in the majority of these cells, the intensity of hybridization signals increased during development from 35 days old. Until this age, the hybridization signals have a faint intensity, which is due to the very low number of transcripts of PRL per cell. Therefore, in these first stages, the expression observed could be due to the threshold of sensitivity of this technique. It is also known that PRL cells in freshwater teleosts are more active, more numerous and larger than those in seawater teleosts, as in the gilthead sea bream, which lives in environments of different salinities-coastal waters, estuaries (brackish water), and lagoons (hypersaline).
The appearance of PRL during ontogeny in fish has mainly been analyzed by immunohistochemistry (Table 2) , except one study using ISH (Ayson et al. 1994) . In the majority of the non-salmonid teleosts, PRL was located in adenohypophysial cells in the first stages of larval development or immediately prior to hatching. In the case of the salmonids, due to a longer period before hatching, the PRL protein was located some days before hatching. The time of the appearance of PRL cells in the developing teleost pituitary varies considerably between species. These differences in the time of detection reflect species-specific diversity in patterns of development (Balon 1981) and probably also reflect differences produced by the antibodies and probes used. In general, PRL-secreting cells are the earliest of the adenohypophysial cells (thyrotrope, melanotrope, adrenocorticotrope, somatotrope, somatolactotrope, gonadotrope) to appear in freshwater teleosts (as in the salmoniforms and the cyprinidontiforms: Ruijter & Weenderlaar Bonga 1987 , Mal et al. 1989 , Naito et al. 1993 , Saga et al. 1993 and brackish water teleosts (as in some perciforms -gilthead sea bream and Oreochromis mossambicus : Power & Canario 1992 , Ayson et al. 1994 , Villaplana et al. 2000 . Also, in amphibians PRL is possibly one of the most important adenohypophysial hormones in early development, being responsible for many functional processes, for example osmoregulation of the embryo or very young larvae (Takahashi et al. 2001) . Hence, we show in this work a tendency towards the late appearance of PRL cells as was demonstrated in amniotic animals and seawater teleosts (e.g. sea bass, Dicentrarchus labrax).
Specifically, in the case of S. aurata, Power & Canario (1992) located the ir-PRL cells on the fourth day post-hatching. Moreover, recently, for the first time in fish, Villaplana et al. (2000) have detected mammosomatotrope (MS) cells immunoreactive to both GH and PRL in 1-day-old larvae and in 64-to 118-day-old juveniles and, specifically, lactotrope cells in 2-day-old larvae. In contrast, in the current study, PRL transcripts have been detected by RT-PCR and localized using ISH, at 2 and 4 days respectively. Thus, there is a discrepancy in the cellular localization of the PRL protein and its respective transcript. This might be due to the fact that the PRL gene is transcripttranslated in some embryonic period, and in newly hatched larvae the protein accumulates in the cytoplasm in a free form or in secretion vesicles and the corresponding mRNA becomes degraded. In relation to this theory, Schoots et al. (1983) also observed that the PRL protein/hormone was accumulated in the cytoplasm before hatching in the medaka (Oryzias latipes). Moreover, in the chum salmon (Oncorhynchus keta) the over-expressed GH, PRL and SL hormones are stored coinciding with the elevation of synthetic and secretory activity in pituitary cells (Salam et al. 2000) . However, the secretory granules could be stored in the adenohypophysial-differentiating cells without being secreted.
Furthermore, as already mentioned, in the present study the possibility that brief transitory expressions of PRL transcripts exist in the embryonic development of the gilthead sea bream cannot be eliminated. Thus, the transcription factor Pit-1, which has been shown to be involved in the GH family gene expression (Taniyama et al. 1999) , is expressed in S. aurata embryos (Funkenstein et al. 1997 ). The IGF system, which affects PRL and GH expression (Moriyama et al. 2000) , is also present as mRNA in unfertilized eggs and embryos of the gilthead sea bream (Perrot et al. 1999 ) and other fish (Reinecke & Collet 1998) . Moreover, in rainbow trout (Oncorhynchus mykiss), Yang et al. (1999) observed that the distinct mRNAs of the GH superfamily were transcribed in the different embryonic stages although, immediately postfertilization, they could originate from a maternal source and the corresponding proteins could be accumulated in the embryo to be used after hatching. In the embryonal stages, the synthesis of PRL may occur in primordial pituitary cells or extra-pituitary sites. Specifically, in this species PRL is expressed not only in the pituitary gland but also in the liver, intestine, ovaries and testes (Santos et al. 1999) .
In fish, the presence of PRL as well as other members of the GH superfamily (GH and SL) in the first developmental stages indicates that these hormones are probably of relevance during early development. PRL may also be important in early development via an autocrine or paracrine action (Borrelli 1994) . Furthermore, PRL may stimulate a hatching enzyme, as in the medaka (Schoots et al. 1982) , and may be involved in adaptation to physiological stress associated with hatching (Ichikawa et al. 1973) . In all the developmental stages from embryos to adults, PRL has also been related to osmoregulation (Manzon 2002), reproduction (Tacon et al. 2000) and the stimulation of growth (Shepherd et al. 1997) .
In juveniles and adults, the distribution of lactotrope cells was similar to those described by other authors in gilthead sea bream (Power & Canario 1992 , Santos et al. 1999 , Villaplana et al. 2000 and other species (Nagahama et al. 1981 , Yan & Thomas 1991 , Rendón et al. 1997 . The PRL transcripts were mainly distributed in the lactotrope cells of the RPD hypophysis. In juveniles, a few groups of PRL cells were also located in the ventral part of the PPD, as in other species (Huang & Specker 1994 , García-Hernández et al. 1996 , Saga et al. 1999 , Rodríguez-Gómez et al. 2001 . The migration of these cells to the RPD and the PI in other species (Naito et al. 1983 , Ruijter et al. 1984 during pituitary development is possible (Naito et al. 1983) . What is more, the presence of PRL cells in locations other than the RPD may be determined by local factors or intercellular recognition signals, as has been proposed for mammals (Voss & Rosenfeld 1992) , although independent cell differentiation may occur in each region. Recently, our group has demonstrated that, in gilthead sea bream throughout development, co-expression of GH and PRL transcripts was not located (M J HerreroTurrión, R E Rodríguez, A Velasco, R González-Sarmiento, J Aijón & J M Lara, unpublished data). However, the co-expression of these transcripts could occur in a very short period of time, in contrast to the co-localization of both proteins (Villaplana et al. 2000) that can be stored in the cytoplasm.
Finally, we did not observe qualitative differences in the distribution of the PRL cells in the different sized groups of juvenile gilthead sea bream at each age analyzed. Nevertheless, the differences among the hypophysial sizes/volumes, and therefore of the number of adenohypophysial cells, may suggest a different quantitative secretion of PRL. No asynchronous growth-related changes were observed in the distribution of PRL cells, nor in the distribution of somatotropes (M J Herrero-Turrión, R E Rodríguez, A Velasco, R González-Sarmiento, J Aijón & J M Lara, unpublished data) and SL cells (somatolactotrope) (Herrero-Turrión et al. 2002) . Therefore, although PRL is essential for growth and development throughout the development of fish, in gilthead sea bream the asynchronous growth cannot be due to different distributions of lactotrope cells.
